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ABSTRACT 

PROBLEM TO BE SOLVED: To remove or decrease catalyst elements from the 
inside of a crystalline semiconductor film containing silicon, by forming a 
gettering region by doping group-13 and group-15 elements selectively, and 
moving catalyst elements in a region to be gettered to the gettering region 
by heat treatment. 

SOLUTION: First of all, a noncrystalline silicon film 103 containing 
silicon is formed on a substrate 101, a layer 104 containing Ni is formed 
on the surface, and Ni is led into the noncrystalline semiconductor film 
103. Next, the noncrystalline semiconductor film 103 is crystallized by 
heat treatment, and a crystalline silicon film 105 is formed. After that, a 
laser beam is emitted to obtain a crystalline silicon film 106. Next, B and 
P electrodes are led into the crystallized film 106 selectively, and a 
gettering region 108 is formed. Next, Ni in a region 109 into which 
impurity elements are not led is gettered into the gettering region 108, 
and a crystalline semiconductor film 110 of a reduced Ni concentration is 
formed and patterning is preformed. 
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Abstract (Basic): JP 11054760 A 

NOVELTY - A catalytic which supports crystallization is introduced 
in a non-crystalline silicon film (103) on a Si substrate (101) and 
crystallization is carried out. Phosphorous or boron impurity is 
introduced selectively to the crystallized film and a gettering area 
(108) is formed. The catalyst are collected in the area where impurity 
is not introduced, by heat processing. 
USE - For TFT used in active matrix LCD device. 

ADVANTAGE - Sudden gain and OFF current of TFT is eliminated and 
TFT and superior electrical property and high reliability is obtained. 
Gettering process is carried out at temperature lower that heat 
resistant temperature of glass substrate. DESCRIPTION OF DRAWING(S) - 
The figure shows process diagram involved in TFT manufacture. (101) Si 
substrate; (103) Non crystalline Si film; (108) Gettering area. 
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7 x l 0 1 1 atoms/cm 1 4tt4<t ^(CSSL/cJ»^t, 

P ><D F - XlWOiSS* 1 1 . 7 x 1 0 1 5 atoms/cm 2 

1. 5xi0 ls -2. 0 x 1 0 1S atoms/cm 2 fUg-C&o 
/c 0 
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[0044] c<do>. tfaxDmiiimm^tcK) 

M) CC»-r ^mai*S^/c 0 [atoms/on 3 ] ) CD 

x 1 0 19 atoms/cm 3 180*^9 *y^y«i*l OCCF 

flail. 5 x 1 0 1 5 atoms/cm 1 «iit^ fl .W#0> 

*h£Lh <*J 1 «£l±> i 0. **tt<D«*>6 1-3 
flSSK6c-rti« J: < . H14iH16 CCTSTiBftStbe 

gco i . 5-3firattfca*j:^«:T*. hp%. saw 

[00461012-01 6«C?S-r*iltt*^6»€>n 
- y ^r;M3M*K#t 1 x 1 0 1S — 2 x 1 O 19 atoms/an 3 !! 

* 9 few**-*' * £ y > ^ja**f#^ c £^~e # 5 i^M'i 
s n-So - *r)i<Distmifi±sz<Dmtc o tew 
titf . y ^ £ y > y««2 o <z> y >cDi*S©TlK*sfiM 

[0 04 7 ] #n>, ^SiATSSaiL-t, Y** 
t?«c<, #a >M/Xti 'J >*Mt 514I«ffi 30 

[0048 ] *sw©*fr-ctt, M^' ? *y > 1 
o©BLjW i o o /im-e*tici, y^ym^ci 

t* 1 22# 1 0 0 /i mUSCD-y- >f X<D*aW*«*»£ C £ 

stf T^^ftgo-y -y xco— or* 

[0049] *fc, jsaa* 1 0 0 umaiiaSJ:^ 
FTccu^«fflsti-r. *©»£\ 

[005 0] ±§fi©38RT«, fl0^g£: 6 0 0U 00 
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[0 05 1 ] AatttWP^»9ttftCt» *<OTBB- 

±H«y a i/fcy # p y 

% yistf$m2 0*>€>»y * * y >^««CciS£ltRL«c 

1 0 50'COtir*0 t JffSty<«4 0 0 — 9 0 0°C 

[0 0 5 2] ^^*«*«fflU3t»^<DjBfflE 
«J«cftS»SK« 5 5 0 0 O- 6 5 0 °Cr* *3 . :S3SS1S£ 
^ Lfc»^©jBfflWa:ai««fl[»6 0 0 0 0-7 5 0 °C 

[0053] flatten mm&fK^mtim* 

[0054] ^ /dJO^aiOf i^T^Kf iM, * 
[00 5 5] a ft:, y>, 4<D>cDK-t*>yEi:5-3 

o kev m &<Dtmffit&mm&v mmr z<±. #y*v> 

^ttBiC^ffl^n^ifel 0 0 n mSS©»C^«ft«CC 
[005 6] ^ -j % y >^<DP^CC^- y ^r^«<Z>«Ji7c* 

[005 7] ^ ftiy v £ y > ^CDfca&CDttBSftAEtffl&tT 5 

mmicmx s n/c 1 3 jstbr, 1 5 »7aR^?sttft s n 

r C *5 ft: fi?> i # x 6 ti 5 . 
[0058] 

m?& a 9cf. mi (a) ccin-rjc^tc. it 1 0 i± 

0 4 ^rffJ^S 0 , #NAK^NI^fll 1 0 3 rt MMEtcSR^:* 

[0059] ;XCC, SI ( B ) (C^rT J: ^ CC V flD^S 



11 

«c<t Qm&¥A9¥mtttlt 1 0 3 «SAf b3#T. ISA 

itisgio5^Mi. L^-sa. en (O ^-r 

[0 06 0] 01 (D) fCTft-TJc^iC, 1 3lfCSt§ 
«« 1 0 8 4»fiO"5, 1 3»£tcK-rS>F*Bi»7c3R*5<t 
^ K — b* > SvHffi«>. 1 3 SotSSK 

C0 0 6 1 ] ;xcc % flQ^stcj^r, wrteaAfbsn 

o/c^ig 1 0 9 tpOfflBI&tSki . trvZVZs 1 0 

feAf£¥a*(MU 1 0 4r»4. C<D«1 1 

>yOX, 01 (F) ^r***»flK)*a»»Ji 1 1 

[0 062] 

[0 06 3 ] [jttfiWl] ^*0!*iai--3 4fl§t> 

p <y» fe^o'B <#n» zmmot. ns&is&sk 

B 1 «S«»fBBT?* 9. 02 (A) - (C) KB 

1 (d> - (f> (DjEmm^b&o 

[0 064] Sf t HI (A) KZ^-ri^it, ^7X1 
Sl0l±«:TJiWl02ilT, WbSStt^^X 
■?C VDffiCCi 0 2 0 0 n mOHSfCflfflt*. 
aEJ»CVDffi*te»^XvCVDffitcJ:>5. JS3 1 
0-70nnu <fc 0 0 < fct 1 5-4 5 n mr*fiM 

ffiRBi 0 3*flai-rs. *8awrctt. wicvDtt 
cc± o s s nm<Dm^0^mmmmi 0 3 £/&J^U/c e 

WiLtfSixGet-x (0<X<l)*flll> 
[0 0 6 5 ] ;*fc. ^^Sltg 1 0 3<0»*fb*tf 

ccio^aKSSRBi o 3©affi(cia*L/ftc»ffii»i^K 
<ui*»jEac"r4. c©iwb«tt««cjfcflf3ft*-y^ 

[0066] y«c~ v ^*^wr 
■ 1 0 3*ffieci»B-ra. ^vy^Mi (iim) 

ttO. l^SOppm, J:0^L<(ilppni^3O 50 
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ppmithBJ:^ ctit*. ^1^10 3*® 
-v4rjl/iffiS* 1 0 15 -- 1 0" atoms/on' CD^-^-T 
5fc«>T?a-5. 1 0 1 5 atoms/cm 3 tlTr^-Si^v^r^ 
©tt«ftffl*»6tt5C£#r*&0>. 1 0 19 atoms/cm 

[0067] **Jfc«"C«, ~ y *T)\,% 1 0 p p m^W 

M«M*ftS»«OTR*U #AW£*»10 3(D 
«fficc«»<r»- 1 0 4 4MTS, 

[00 6 8 ]il (A) 6c^*tt»*»fc6, ^*#H 

0 3*«UMbLfc. CCMSAfbXatCiOISAttSJRil 
^AWiXfll 1 0 3 6Tt&J8i 10 2^ <«# 

n (hi (b> > . 

[0 0 6 9 ] ttfc, C<DteAfbXgCCfi£^.tf«[»*^tf 
^SAS/»;=3>H3&5}BSt3n43&s, JStt5gfe#rffl»SA 

[0070] *fc, ±iBflnJBy»iHtt«»iFcc*5i*r 5 o 

0-70 0U J:0ff*L<«5 5 0-6 5 0 c C(OfiK 

^ait. ttits^xssi o i(7)i/7xi^ 

[007 1 ] ;j«c* »6htolSAffi^R« 1 0 5 «c*tu 
ru— !f-*(DJBBH*tTl^ *Att©W«3*ifc6Att 

r Fi^vvlz-f- (ifcS2 4 8 nm) ^ffll>4 <H 

1 <C) > . 

[0 07 2 ] AjUX»SS!(DU-1fiOT t (» 
©XeCl x*^>v u-t* 4 — ¥>. fii^SOY 

IBW«cSlBa{b3W»OiB3*i*. %<Dtc$>. x^wu 

[007 3 ] Bl ( B ) {C5?T)ISA<bXS-Cf#6 

nsiSAi4a*iii o 5«#AKi5S^3WFafflcc«ff-r 

a. U^L. U— lf-3fe<DM«fc<J:ot:*<D<fc^«c#A 
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mm i o 6cD*£e^«Aiiiicc3fe#$n-cc^. 

[0074]***. COU-lf-IBWIltWtJC 

sttSMK i o 6 tpomm- v trjumsn simsoi 

ffiffiCS. 1 X 1 0 19 -2X 1 0 ^atoms/cm 3 lEfA 
*. 

[0075] U — tf-5fc0)fiB«*s«T«. *SA1££XR 
1 0 6co«iBOBWUI«r-a»*lx, WOT»C«<W 10 

(hsh±-t> *»*-rs. cowkittiHsaiattit 

[0 07 6]^CC S F-tT>^ffiafcW^*>a 

flDiS*lEK5-3 Okev CCSS^-r-So F-XS 
F-f^yStliPtOf**^ 1 . 7xl0 15 atoms/ 20 

[0077]ffi^ B0DF-t>y*fl=». V-X#X 
6Ct?sJ<^>*ffll^ »niSmH^5^3 OkeV iCSST 
£ e K-XltJ F-tr>^Sti-5B<0T«K*s 1 . 7xi 
0 1 5 atoms/on 2 «±> J;*)#SL<fcJ:2. 5xl0 is - 
5 X 1 0 1 s atoms/cm 2 ICtjZJz 5 CCgBET 

[0 0 7 8 ] #IHfiffilr«:, jtfPSF-t>^U X 
K:B*K-b>yu/c. P<DF-b'>y*ff«flna»BE 
*10keV, F-Xm P<Dr*K* s l. 7xi0 15 at 
ons/cm 1 itt4J:5IK£Lfc. ft*B© F- fcT>y*fl= 30 

i o kev , K-xttj, B©«tt# 1 . 5 x 

1 0 l 'atoms/cm 2 J: ^CCKSLfc. 

[0079] P, BCD F-fc*>^fC<fc-3-C\ l/^Xhv 
X^10 7iCSbntl^WI^108 (tTF, 

flWBitt*. *fc. CtiS0)««ttF-tri/ystiS-f 

(«t, >y«**i ootpwo «, us?* 

b->^stittc». se-oT. i»ae*sfffcti* (hi 40 

(D) . M2 (A) ) . 

[0080] 4*5, PfcctO'BCD F-b>yxg<D*fl 
■ 1 03<DJU1) ICfcflcffU SfcfftCCtf^^^ 3f";> 

08W^y>^wi 090 

[0 08 1] P. B©K-f>yiIM*7Uc^ U 
^h7X^l 0 7^#fflCDPSI?gCCj:^T^L/c 50 
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> ^Sf i$ 1 0 9 (Dftmm&T & - v *r)\s% Y v % V > 

60ou 1 2 mffi<DM&Mm$:'iT-itc 0 cur 
- * ^^«tt*s(s» s titd&f 1 1 0 * 

»S (HI (EK H2 (B) ) . 

[0082] c<D»B»fti?axeccj:or. »y**»;> 

1 0 9 <DF*lS|3<D~ ? -SrJUfcty v £ 'J > ^fflUS 1 0 

8^ (^hw>£*[sj^o £®i>ttji*ns 0 c©<t5 4-7 
[0 08 3 ] fir, ^-->^a^ty7^v> 

t?m&\ 0 8£|&£l*- 3C<tT, TFTO^iitt 
£At£«iiU 1 1jW»€>*i*. C©»«««1-1 1«+ 

flWtSCimS. ^-f FWtilOftKXS 

*t^fi»©*ffirTFT*^l!trnKJ:(r* (01 
<F> , 12 (C) ) . 

[0084] fe*5»y y $ \) > y«« 1 1 0 3&s>r * # ! J 

>y«w i o 8 iBWR-rsjHaatt^- ^^^affisWBt^ 

[0 08 5 ] £TF\ HI. H2 CC^U/tXg-C»6*a/c 
»K««E1 1 l^m^X. Nft^HTFTiPft 
*;l/fflT FT<h *tB»Wec«i*^to1±ft:CM0 S [U&§£: 

[008 6 ] ^3 (A) K*JC>T, 1 1 lN^Nft^ 
;l/STFT©***tt?*0, 1 1 1P«P^^*JUS 
TFTO*ifWt?ft5 B UN, 1 1 1 P 

(»9i ( f ) , H2 (o <ommmi 1 iccaa-r 

5„ Ch6*ifW 1 1 IN, 111 P±CC7'^XvC 
VDffi*fc5i«ffl»CVDffi«:J:Oil{ta3R«l 12* 
1 5 On nKDmZlCf&mrZ (13 (A) ) . 
[0 08 7] ;XCC, T)\,S-V&&&8fa±TZ&mm 

mm^^-^oymm^c^imKommmitmi 1 3, 1 

->OHHCC«B35cHI«mt«l 1 5,1 1 839*JBl«3 

fir. ©@g?{t3ti-r(c^#b/cy^ hss<D 

Mil 17, 118<!:LrffiiST 

[0088] ^X6c % y-f h®g ii7. 118. ^im 
VKommmitmi 1 3, 1 \ 4 cxmitmm 

ill24x7f>^U ^VH6»BI119, 120 
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3. 1 1 4*K55fe-rs. C^lty-C hMMURl 1 9. 
1 2 Q1fi¥A V%Ml 1 7. 1 1 8<D^gB^6s5ttiL/<: 
tflSifc* (0 3 (B) ) „ 

[0 08 9] %<C. NS4ft4t^«a-f*>?:^ 
>7 , 7>7"-i' a * > F- tr> ^i££J8<,» 

r2@«:#w-casjjn-rs. ^Jwcte. p^^-f 

msm^mmmmK-cn^\ n- mmzftrntz. 
[oo9o] c©k5f. mamH^Bi^-c^w-r^v 
wsffiL/crgttei iin, ii ip»tt%<, mm 10 

L/c^'-f FiKiftfigl 19. 12 OtDi&MOTlChmtiaZ 
tih. C©n- WLDDW (TttftMOKttlx 1 
0"-l x 1 0" atoms/cm 5 i L TlMW -5 J: 0 

[009 1] $ *>&C. 2@5©:FttilM^«{£jlnjftttE 

©ry-fhifestii 19, i 2 0iW-v^d»i ur««g-r 

^©"Cv'-hgSW 500QJSIT (*f*L<« 300QJJI 
T) ifc-SctStc, F-Xft&Rje-rs. 20 
[ 0 0 9 2 ] «±<DIfS££I-C , Nft^STFTO 

v-*«* 121. ymm 122. ffi?ss^*e^ 

*s. C©tRJB-CttP? i -»'*;i'STFT©?S14JBl 1 IP 
N 5 1 f * JUM T F T ©ffittJi £ 13) G t&B i ft ■» T ^ -5 
(H3 (C) ) . 

[0 09 3] :X(C. N^t^STFT^SotU^ 
hv*? i 2 5 -C*>aAffi. *-5(,>tJ-f=J-> 

z. *mmm~cte. b*-y*> F-e>ys{c«fc->ras 30 
jjnLfc. c©xa*>itja©Na*«#-rs^*e«iaaini 

g<hlU8IK:2llltc^wrff i 5„ C©J:5(Clt, P^-p 

8 . fijgS^*Bt;MJ|| 12 9, * + * 1 3 0 

aWBfiSStl-S (H3 <D) ) . 

to o 9 4 ] tctcb. c<Dm&Mx*pmm£<Dmnm 

^NM*>6PM^Jgl£3n6i£>S^*5©-C. S3j£©N 
ftWSTF TOIS J: 9 4> 2 ~3 {gflK©^**^ -l" 

[0095] Ja±©K-f>^Xa»7a. 7r-*^ 40 

0 Tfftt -f * > ©«ttf fc*J <± Cf -f * > 3sttJB#©«£©|pl 

[0096] ^JC. HF^ite^ 1 3 1 £ 5 0 0 n m©fflt 

skjbsst*. jfmteatni 3 1 tL-cawHimmm, 

[00971-tlt. Ft-^Ml/TV- 
XiB&§!13 2. 1 3 4 KU-OE811 3 3*3&£L-C. 
S3 (E) {C*-TK»*W4. *atc**»Hat»-C«l 50 
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*ffl*ffl». *<***3Rfbl/"CCMOSiaB*«-*- 
4. 

[0 09 8] :*ggfam^TC MO SllSSfcU 
i-CNANDHSS. NOR@8S©J:5fcg#ilJllHlSg£ 

[0099] [mmw2] mmmi tb. ^sfct 

T. H4*m»r*iaiw*SMi!-r5. 

[0100] ST. 14 (A) «c*3^tr. Jiv^wmz 
0 1 _BcRJ?2 0 0 nm©Til2 0 2 . J^i?5 0nm 

©#A*ts*R2 03 -6©-_bcji;* 

7 0 n m©lMtS»Ctt -5. v X jrJ&ttR 2 0 4 ZfcJS. 

mm-?2>tclb<Dffin%ti2 0 4 a^SWS. 
[0101] C©tK.«-r&S#B5WKCtet,>-CUV:5fc& 
flgJWU *S»^JSR2 0 3©KmaffifCjjBni4«S© 
fctt>©Wll>K{fcR (HSrST) fcigflET*. 3«cr. ? 
1 0 p p m mwmW) tMUfc^ 7 f ;UBt& 
^ tr>3— FSfc J: 0 If *SSa3R)S 2 
0 3©*ffl{cSiSCi-»-irjU^flrB2 0 5 iMlfrrZ 
(E4 (A) ) . 

[0102]I4 (A) Kw-J-tfcMKrfffcfc. ^SSH 

m*-c6oo-c. &mm<Dimmm^'n^. i^mmm 

m2 0 3 *ttJWtr *. ^A9t%RR 2 0 3 ©ISWb 

«. 9&tir-mT£ *> f -5rJU*glJnibA:^JS2 06* 

4 (B) > . 

[0103] ccife^bxstcfie^i, g+«*fc«fet* 

[0 104] Sfc. C©B$, «iA{b»©IK». 

}i><Dmmmm2 o 6 cisiittiijssjg) . 2>ttfi»«i«2 

0 7 (ttAttSXR) . 3>«ffift**»S*&*r>fc««2 
0 8 (I^ASSXR) ©3o©««{c^a3ni. Aft 

fi*)(OiJSi-rs©(3:^fiXgM^2 0 7©*-C*S©r. 
Ji(T©i5iBJ (c tet, > -c fl!©fll«©tti»«BS-r . 
[0105] iXtc. »6*ifctf Affc«©JlXJWc*tUr 
U— !f-*©JH«*tf9. CtlCCj:0«)5dE*««2 0 7 
(i^:*ItcM H 9 Bl4ASKS2^^SttSI^R2 0 9 £fc 
•5. *9lifiP|-C53:K rFx + ->vu— tf-*fflfc>4„ C 

©u-iffi^xgii. teAi±©ScS©^-ca < , -v* 

(04 (C) ) . 
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[0106] U— y~X<DBBMi>mTLtc*>. l>i?Xh 

5. fcfc. K-fc*>:?^«3g;!i£mccfi^r*j56:g# 
jaaifce-rtitf&i*. s/c a©y? * y > y©fcat>© 

c o i o 7 ] ^mmm-cit. $fc-rp£F-e>yu * 

tcBSrF-fc'^b/c,, PCD K-f >^ft»JnMSEE 
10keV<fcU F-XStt. P©iftgjfrl. 7xl0 1! 
atoms/cm' <h&SJ:5f95ELfc. ffc&B© F-t>y^> 
fFtt*n&*E 1 0 keV i t, . K - XfB. B ©ift&# 10 
2. 5 x 1 O 15 atoms/cm 1 ilfc. COH-b^^Il 

JCfcOy-y * 'J >?mM2 1 i*5«tiyifty»*y>^ 

1*2 1 2*ilSSil-5 (04 (D) ) . 
[0 108] F-b - >yiSi!iiJ?7Lfc6. Ui^Xf-v 
1 0 J: -s-C|»*-j-*. ^Lr. 

6 0 0-c, 12 B#f^©jjn^a=&tf i- >. «y * * y > if 

Mi&2 1 2©F*J§B&Cg§#-r.5- v tr)V4:. V v S V >if 
m.W2 1 l<M5f"v (^EP©*rtlCC) -£6. C5L 

r-v*-^affi©fi«s*i*ita[**»f y^y^naz 1 3 

WmZtiZ (04(E)). 20 
[0109]^Lr. ^2-->^CC<J:-t>r. ¥-9 if 'J 
> 2 1 1 C <!: T-hS-tC^ v ir)Vffi£1fi 

i&mstifcmmmm2 i4t»*. cogtt«s^2 i 4 

J6TFT©^*(«l«:K:ffl<r>-C. *W MUUIOf^HX 

nm^ts^o^m-ci: F T*5&3W*i«<fc(,». 

[0110)14 (F) ©^£-->:7XII{C:teUT. 

aw«r«2 i 4(aty»jiu>fwi2 i i tmmrz 
m mms * ti & i, > j: 5 . / < * - - > y-r -5 c t tm * 

IA> (H4 (F) ) . 

[0 1 1 I ] 14 (B) KSrTttJMtiacoaccfll&ti 30 
&«fifiSffi«2 07B. SOKM 1 (OKjOSStifeffitt 

(HI© 1 0 5. 1 0 9-C^-rM^c) <fcO *>=-v f r)\><D 

ffll>5Ci-C, £ y>yMS©£ttS&K*<6< Ofc. 

[0112] cnss^3] xfrou. 2-csj. mm<o 

T F T©4^£#Jlcfc K) b&ir ?■>?<)> 7ffl$.<Dmm*:& 
< U ^- ^ - i > v- y > ^Nffc-S S J: 5 (C L-fc. 

c©/cfe. 7FT<Dm*£mfS.-rz¥m#m<Dmmfe& 40 

[0113] ^n^rt*. < t ■+ *n,m$m 

t'ji'mmcttifyifv^i/m.m (p. b*»k-£>* 
#ns«s«() a^gti-sj^Jtor. ¥s»ja©^se 

*±fcT5J:5tt:0fc6©-ca*. HIT. 05, 06£JB 
[01 14] *'7Xii3 0 1 _Bc, I^2 00 nmO 

wutmmm-ctj:?>TmiM3 0 2*ms!iTz. -e-or. # 50 
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SW&Rflte 5 5 n m©Jil£ CCRHB-i" S. HiSWI 1 rK 

*K Tififll3 0 2±tc*£A1£lX0l3 0 3»fi!cSnS 
(05 (A) ) . 

[0 1 1 5 ] 06 (A) «05 (A) ©lEffiHttta^i 
U £A&gXM3 0 3±©*»-C^-r'<*-> 3 0 0 
«. TFTO*3W*J14Ja:4«**7n-i-. *7b**-> 
3 0 0+ODW3 0 0 cW* + *Afl*lsHIMIitc*»$J 

[0 116] 3ctc. 06 (B) K5sTJ:9«:. |&Att& 

X I- -7X^3 0 4te¥»#Jf©^i-4wU»l£«ig{*JScS 

mmtm-sutt^m) icmifvnv>>/mmt>7*jif<j 

^*3 0 4*Mt/, Sfc-e©$I?r 1 0 ymib-CgP^ 
3 0 OcKSLt 1 um©-7-^>5r<!:-S. 
[0 117] P, B©F-t>yxg*ff -5. 5t 

r. flnawEfc 1 okevtc. k-xis, p©«ajsi 

1. 7 x l 0 1S atoms/am 1 £ £ -5 «fc 5 «CK3£ 0 . P^F 
-f>^t4. ttliSmffl Okev {c. F-XS 

«. B©?afi*S2. 5 x 1 O^atoms/crf iftSJr^K 

la^U B*F-t:>^-r*. c©F-t>yxs«:J: 
Oyf^V>yM^t3 0 5. »y7$'J>yM«306 
tfiWfeStli (05 (B) , @6 (C) ) „ 
[0118] K-f >yXS*s*?-T». 
3 0 4*#ffl©iW(!IStCCJ:o-CI^*-r*. ^tT. 6 0 

o°c. 8mm<ommMm*mK »y»*'t;>^««3 
o 6 (Dftmcmw-rz y?itv>ifffl&3 
o 5©#k: (^eri©*i^tc) ^sd^-tf-g.,, c 5 or-* 

tl5 (05 (0.06(D)). 
[0 1 1 9 ] 3 0 0(Ct¥-c>r>'S$-->d/{CO 

t, Stt«^3 0 8 £f#-5„ AKIH4I3 0 8 tt. y » * 

y>^««3 o 7 ir^c-So «±©xfi*srff f>nfc 

S«$1^3 0 8 £ffiC»r. PDx.tf03 ^fflt^rHSfe^l 1 
t«WLfc^o«*Il>T, TFT€rfP»-rn«J: 
l>. (05 (D) . 06 (D) ) . 
[0120] if v * y >^i^3 0 5 5iPM©«^tt* 

«t. FU-f>««*«ISW*C<!:3Wr#S. <fc-?r. p 

Sf©^*i4*##-r5fc*© f- f> yjimZiiiffiTZ 

[0121] *fcBt*J?Iii3 0 8<D* + *Jl>1&l£&ma 
0 8 c tt. Ig^WCCSttr ^o^- » 4r JL.«R:msaK3 *i 
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[0 1 22] ***«"Ctt, V-^M KW>M« 
#* + *JUJftffi««3 0 8 cCC*fLr 1 ym^^-fe^ F 

3 0 5*v-*«W. KU-/>««Cc»B»W«:»-i-ci 
[0 1 2 3 3 3S*W1. 2T6i»«««*^*-r.>^ 

**»«©*K««3 0 8 OHBK^ * * U 
«3 0 5?:STOT ( > yriiT 58|5*ttflHi 

/j»sn*. <fcor, fttt««3 o 8*<fc0*«{buai5 

jfi < «r t) , ^ * £ !/ > y«« 3 0 5 ©Sa^ffiStWtctt 20 
[0124] Sfc L/^hvX47 3 0 4M^<tc5 

[0 12 5] [HJfi«4] P. B*«K-h*>^Snfc 

y * * y > ^«tfi3py * £ v > #itm%m? £ cc p 

~7LtcNm&mb#v*v>#ffl&±Lxmti£rzc 30 
[0126] co^fai, ^jetswTtt, nss. p 

^{{cmo^-C, CMOSiOTFT^Bt*. t(T\ H 

[0 127] if, ^7^SS4 0 1±CC^$2 OOn 
nKDBMba*«T«cST»Bl4 0 2*»flET5. 
r, ?NIHa»fllt5 5nm©»3CCjiJ«r*. ^SSFfl 

1 r Bin L 3fc*KfiS**a, * £ 0 * fogmm 2 r ttQB L ft 

«:<»: 0 , rmm4 0 2 ±ccis»ttsaj«4 0 3 

4 (07 (A) ) . 

[0 128] fe a a 0 ttlfl4O 3«r^*-^>yi>T. 
N^^*^STFTO*a«*»<kaS*tt««4 0 4N 
<fc, P ^ t ^ JUT F T^«»Ii ^c^I W4 0 
4P£0/5U Ctl6ir^4 0 4N 4 4 0 4 P±CC 
7 7XvC V DffiS/caSEiC V Dffic J; ^SitSI 
04 0 5^1 5 OnmOilSCCfiEKfi. 

[0 129]^CC, WWRBteffifllU Adr-->yL 50 
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h*«4 0 6. 4 0 7*Mt4. £W h^S4 
0 6, 4 0 7*1*KTS«TO<fcL , T:«:. f^CfgffiSn 

sy^$y> ^(D/c*cDftni^asr * & 550--650 

•CSK<0fflS«CilB^»4tti|543&sjf*U(,» o #!x.S2Ta 
, Mo (^:V^f» , T i , 
W (£>^J*t~» , ^DA (C r) *<Z>SIIuS£flr 

c n e^KWH- ^>'j3>d: <D{t£«n?* * v y if -f 
h\ NfflXBPS©**tt*wr5#y^y3>ipo» 

f4#*tf6*l5. **Jt«"Ctt^iaA*fflCi5 (07 
<B) ) . 

[0130] Ch^^VHS4 06, 40 7£-^X^ 

cclt. i{tiii4 0 5^^^^>/Lr l y-r h 
jests 4 0 8, 409 «&fiws. mmmm* 05* 
^»-r.>^o/ccott, &oK-t*>^xe$c*jc>"C 
j*tt«E^ l 0 - 3 0 kev attiJWRWIKc^r. ttrt 
a3RH4 0 5 3&s^4?<tl/'r«l8L/r, S«MHS4 0 4 

n, 404 p^^ia*i+^ccasai3*i>io»*j*n*s* 

63fe6r*4 (H7 (C) ) . 

[0131] NM^fWffl^^^^'ft 

6. K-t:>y*ft=tt, flia»IE*l Okev KRSU 
K-Xt^, P(Oi*ffi3&si. 7 x 1 0 1 s atoms/cm 2 £«C 

[0132] y-fh*fi4 06, 40 7^^iL/r 
fltffiU BttM^s4 0 4N. 4 0 4P^NST^«1 
4S4 1 0-4 1 3£, |»WfCKtttt«#4 14,41 
5A*J|5li53*l£. »tKSW«4 0 4NK:*$G>"C, NS^« 
^^(4 10, 411 tiK14ft««4 1 AtCttTZVy 
*y i^tfC. Nf t^J^TFTOV- 

4 1 4«^**^JBat««iL/r«l8-rs (07 
(D) ) . 

[0133] »«««4 0 4N%SotU^ h 

7X^4 16^, PS*tt^r4^^*>©« 

una*E% 1 okev ccaafleo, f-x»*. b<o« 

fflfiZ. 5 x 1 0 1 5 atoms/cm 1 t *4 J: 9 CCg^Ufc. 
[0134] C0g^, Nffl©T»B««4 12,41 
3©*MS3WSIEL, PMCD^$«^M^4 17, 4 18 

imfSLStiz. mil, iam4 i 5<Dmmm&mwmcm 

ttCD^^S^^n^o PSa<D^F*fi«rtB«4 1 7, 4 18 

«M4tt«*S4 i 5 ccs^T-sy ^ ? y utm 
mi,. ifcp^t*;i/aTFToy-^a«. ku^> 

TFT©^+*JUBJffi«ia<taS (07 ( E ) ) o 

^416 *i«*o/c«, 6 o o °Cv i 2mm<ommsnm 
<o^*g»««4io, 4i ncy^«j>^sn, Jttt 
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1 5tO^^;^P^MM«4 1 7, 4 

Sftfc* + *Jl/fl5flS««4 1 9.42 0#*;h-?*iJBfiE 

or, 4 10,411,417,418 CCS 

JnShte^WftsWStt-fbSti* (07 (E) > . 
[0136] &(C, Sn«JttBl4 2 1 £ 5 0 0 n m(Dil 
SOCJBflW*. JM»fitUB4 2 1 iLtKWBBRE 

[0137]*Ut. F^WMlty- 
Xffi|§l4 2 2, 4 2 3. F W >B»4 2 4 *J&J3ELT 

H7 (F) cc*r«Mi*»4o ««cc. **»iatr 

So 

[0138] *$mm-v\t. y v * y >y««*jB3t-r 

S/c#><DF-t:->yx?Ict, V-x, Kb-f>*«tJB 

[0139] [«W»5] **k«4iR 20 

«ic y $ U > JBflfT 4 /ttf><D F — t*> yxfl 

ST F TOfWI80«4*T. 

[0 1 4 0 J S?\ #^*»«5 0 l_Bt/I2 2 0 0 n 
m<OBMfca««rtt4T»a5 0 2 4Mf^ a T»« 
5 2 0±CC*ftWl*l(l*5 s.nmoasccjswrs. 

uss^i i vmm btcmmmj5&. ft*t>tt**«2 rsa 

S. M±K£ 0 . TifeJSiS 0 2 ±C£tta&]£3Rllt 5 0 3 

«&aw* <hs (a) > . 

[0 14 1] ttiffl!*K5 0 3*^*-->yL'r, 
Nft*;l/STFTOf«««ifeS*tt««5 0 4N 
4, P^ + ^Jl'STFT^rSttWi&SJBtt^iiES 0 4 
PSrBflEU Cft^Bt£SIig(5 0 4N, 5 0 4P_Bt:7* 

7Xvc v d«s /ctt-iEic v D^ccct o mitwmm 
505^1 5 0 nmoimzttcmm-rz* 
coi42]^c6c. mmnm*mnL. '**-->#l 

ty^hli5 0 6. 5 0 7*JBJSETS, y^htS5 40 
0 6, 5 0 7*«jSETi3IWBiLr«. f^CCHflS^n 
Sy V >^0/c^<DJjn^S. 550-6 5 0 e Cl 
fi(Oiafi«:Hx.f#4tt*43& s »*OC^ Ta (£ 

>£;U) , Mo (^rU^>) , Ti , W 

(£>y*ir>) . i?PA (C r ) ^CDiSSS^Jl, C 
h6^«**4S/i;=i^i(7Mt^!B5"C*4S/y*Y F, 
*S0>«* NSX«PS!<Oz»*tt : S: : &-r4#y^y3> 

(08 (B) ) . 

[0 143]:XiCUv^hv^>r5084Ml, Cfl 50 
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K5 0 5*A*-^>^Lfc<DH: % F- t: > ^Xfl 

ccfco^r . aBsmna* 1 o - 3 o kev sK±j£«ra<ai> 
e>r, «Yka*Bi5 0 4 7>Jv^^turflttBr*ft:» 

*t, AttfWit5 0 4 N, 5 0 4 P fc^«W*s+»«c«Jtni 

y-/ h«iI5 0 8, 50 9*y-f hlS5 06, 5 0 
7<D«*S«*6 1 /^ml^|ii5« (08 (C) ) . 
[0144]*{C, NSS*#-^-TSP-Y*>*>r*> F 
-b*> Officer F-^-r-5„ flHi*EE«l 0 kev CCg^ 
L F-X*tt. -e-<D«fi# 1.7X1 0 l s atons/orf Ct 

[0145] C y-T Fm@5 06, 5 0 7 , y^ 

M&KK5 0 9* 5 1 0^^iOr««BC, C<D*£ 

«*««5 o 4 n, 5 0 4 pcc«. NS^M« 

5 11-5144, *»W«:Jttttt««5 15, 516 
ifi&ti&StlZu NST«»««5 11,51 2t*J«4% 

+ *JlSTFT<DV-*««. FU-/>««iLT*« 
TS. *fc*tt&««5 1 5 tt * + *JWR3E««L 
■fe* F S (H8 (D)). 

[0 146] XtC, a«»«5 0 4N*a-?tl/^h 
^^5 1 7* SftW. PS*^-rS^*E*lY*><08S 
D0«:?f5. *HlfiWlr«-r^> F-f>^S(cr B£ F 
-^■T4. flDiimEEtS 1 0 kev CCHSU F-X««. 
-€-<D«K# 2 . 5 X 1 0 1 s atoms/cm 2 tCtt -5 <fc 5 fCKS 

[0147] COJlSS, NI©^«»««5 13,51 
4©a»«gS#SKIEU PScD^Ftt1»««5 1 8. 5 19 
3WBJiS3ti4. **««5 1 6 (D»BS!tt*«WCCfte 
(Di*«}^$nS 0 PSC0^F«»i«5 18, 5 19K 

*tta«« 5 i 6 tcM-r * y ^ ^ y > y«« a u-emtfe 

tii^tc, Pft*;I^TFTOV-^»*.FU^ 
>$Ili4Ur^SgTSo Xt£«:ffi«5 1 6ttP^ + *it 

6 (08 (E) ) . 

?5ii 6 o o 'c, i 2B$mnttyeyi'r 
«K««5ii % 5 i2ccy*^3?y>y^ti, jttttt« 

«5 1 6*CD^^y;I/«P^$ifi^5M^5 18, 5 19 

tcy ^ ^ y>^tis. 

[0 149] C©*S*. att«i|85 0 4NCCtt. 

F««5 2 l*5JBRESn. *K«i855 0 4 P{Ctt^^^r 
^ Wffii^ n/cf t 5 2 2 4*:7-fe*v 

F««5 2 3^jbses^So s/c. ccoy ^y>y<3D 
fcs^xDftn^MMCc^or, ^:««i««5 11, 5 12, 
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5 18, 5 1 9CcaSflD3*ifc^*fia^fSi±^fc3n* (19 
8 <F) ) . 

[0150] ;xcc. mmt&mms 24*500 nm<om 

SKUBffi-r*. »IBI6lilBI5 2 4iL/r«BJ-ftSSIW. 

[0151] *ur, n>^^7 ^-j^Mitv- 

XE»5 2 5, 5 2 6, F l> -{ >Rtt5 2 7 *J&fELT 

08 (G) «c*T«M£»*. *f»c, *JR3OT»*r 
«MQa*tT C^#***f b It C MO S @»#3&*f 10 

[0152] *n»«r«. y * * u >y«w**j&a-r 

[0153] ibsswu * 5 t?ay-> £ y > yii 
tcBti&ux b&t**. c©»^«, y^ FS@<D*m#y 

ft*. «A«(Hl^r**^fi»etttr^ 20 
^xikd^cc, y>r hKacc»to-sv^^%7* buy 

[0 154] [gQfc«6] ±iaSLtel6»«rtthy^ 

2Hai«r«#hA^-Y FssTFT©^a«r*aaf>^ 
##STFT4ft*T5W*7jrr. H9*ffl^r**tfi 

[0 1 55] 0 1 5 (A) CC*Jl>r, 60 1^7X1 
E 602 «Ttt«. 6 0 3 tt«»ttt«4T& -5 y >f F 30 
SS» 6 0 4»y-Y h*fi«R. 6 0 5ttiS5 5nmCD 

^uksxil 6 0 6 ^ussw i trawowcraao 

/c^7^;^lt^6 (09 (A) ) . 
[0156]4fe »fC7T-*^r--Jl/CCj:r>r 
5 0 0-6 5 0 'C©SBfr-y * # y > yx«#fT=bft 4 

or, *©ajsccw^.f#4tt«-*y^ hm@6 0 3 ±L 

m<ouw a f*\ ^«i»*sasflnsnfc*ttft^y=i> 
*»aws»-> y ^ >*wttffl-e* 40 

[0157] ^(C, 5 5 0 -C, 4 ^FfflCDSDJftffifflLfc 

9 ( B ) ) o 

[0 158KXCC, b^FvX^608*tttt-^ 
y;U*y v $ V >^-rSA:a><07C*, PiB^JJDt 

PCD F- Z>7$kmt. ftJjS«EE* 1 0 kev KISS 
U K-XSti, P<D«K#1. 7 x 1 0 1 s atoms/cm 2 
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11*1 Okev F-Xftte, BcDrSJS^2. 5 

X 1 O^atcms/cni 1 <fc 9R3&r*. COXfliO 

y * 2 y > vrnme o 9 *> <fca<»y v % y > y*«6 1 

owmesti* (H9 (o ) . 

[oi59] ;xcc, 6 o o °c, i znf^mmm&vi 

> y«« 6 0 9 eca« U ~ v ¥ ;t/«ff(DffiK3 *lfc*S 

j&ttgxn (VLVv*vzs#mm 6 1 i#se>*is 

(09 (D) ) a 

[oi6o]^c t y** y>yxa«c«fcoT»e>*ifc 
^^y^iS^o{s«$n/cfe Q s a fifi^j^6 i 

->^Lt$iftl6 12 43Bfl6-rS. *Lt. 

H6 1 2±6CB^bl3Rfl|*^*-->yb-C*StS*i5 

*> 6 1 3*ft»4 (09 <E> > . 
[0161] CO*-**;!/* F 1 3*VX4fCCL 

ttfbUT. v-x««6 14. FU-f>««6 15*JS 
EST*. £6&c, v-*Efil6 16 v FU-f >BK6 1 
7 *«tc^««07K«Yfc*fforH 

9 (F) tc^ria^^^'STFT^as-r-s. 

[0 16 2] ttfc. ^S6W3Tltt93LfcJ:5K:, 09 
(C) &C:fc>t,>T, U^* h7Xi7304m< 

k— t"> 7%mma f o c <t ^ r * 4 . 

[0163] 

KTOSST tf 5 c <b ^spjffi-c * 0 , S^^cofi^ ^ n -fe 
[0164] *te. *«9B*ffl^r»6ti3fc«fltt*« 

y ^ * y > y^siccj; o-t©JBBi7aR*s+»(sc*ai 

*«*te*alW*i8K*»*C<!:*sr#S, ^fCC, TFT 

/Co 

[0165]i/c, *^"C«, 1 5«5<D7C*<3Dffeec % 
1 3 K05c^* y ^ ^ y > y««CCa»A-f 4 C <h CC J: o 

r, 1 5»eaiE©**sK-^3ntey^* y >y««j: 
o^Mo^ffiffl-c, <fcOEo*««*©*MSi7c**y^$y 
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CBIffiOfH#JtcBilB] * [H13] F 

9, g&#rM0"C&£. CH 14] F 

0, SffiIEffi0r£>&o [015] F 

[0 3] <OTFTOf^ltne«)«?BH'C* "C^^o 

4. [SI 6] F 

[05] mfcW3<Dyv**)>#JM<DimB-ci> *> 101,201 

0, XffiKffi0-C*>4. 10 2, 

[06] HJSW3(D^^ * U >i/XS©ttlBBI"C* 10 3. 

0. 2SIEffir&£ 0 10 4, 

[07] HJS^j4OTFTcDf / Fi5!Xlic7)giBS0rfe 105 

So 10 6, 

[0 8] SQfiWSOTFTOffRXSOIftH^BIt?* 10 7. 

10 8, 

[09] |B»«l6(OTFTC[>fflO:g<Z)Si?BBir* 10 9, 2 12 

& 0 110,213 

[010] «**©«5*®*r* £ 0 20 111 

[011] 0 1 2-01 6 <tC^?*m<D F-f>y* 2 04 

ff^tit*^ 0 2 0 6 

[012] F P MiaSSrSS 0 fcTO(D**SBak«HPK 207 
-C^So * 20 8 



2 0 2 

2 0 3 

2 0 5 

2 0 9 

2 1 0 

2 1 1 



2 1 4 
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,301 ^77Xiffi 

,302 rmm 



[0 i ] 



[02] 



(A) 



104 



102 
101 



(B) 



104 



£-102 
101 



(C) U-tf-KW 
^^-^«^^>^>^^4/ ^ ^* ^ >L* /1 05 



I 



-102 
-101 



109 

< E > loa r yff>r Mtbonuum 




108 



(F) 



Mi 



—108 
107 





no 



(15) mm^- 1 1 -54760 



CH3i 



[04] 



<A) 



11 IN 



nip 

f ^112 

* ~-102 

-101 



(8) 



119 n? 115 120 1 Vii6 



3- 



123 124 123 

I S ♦ ♦ ♦ + I * ♦ ♦ ♦ t * 




<E) 132 



129 130 129 
133 134 



(A3 



204 204a 



205 




203 
202 
201 



,207 



204 

7^/207 
202 
*-Z01 



^208 X 20S 
(C) U-tf-HJt 

^ ^ ^^^^^^^^^^ ^^209 

202 
201 



209 

H H H I H H H 

211 immtJimmiflaBeaa ^210 211 





\ 

212 

2J 1 /213 211 

—2 f ( 



(F) 



3* 



CH5] 



(A) 



s 



303 
-302 
3a— 301 



+ + + + + + + + + 

^304 




306 



^307 



1 0] 



20 ^'^UV^flW 




CD) 



3PS 307 305 



*308 
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CB6] CB7] 




[ill] 



an 


P4*)fcifc [atoms/cm 2 ] 


B4>*£ [atoms/cm 2 ] 


HI 2 


0 


2. 5XL0" 


HI 3 


1 . 7X10" 


0 


01 4 


I. 7X10" 


2. 5X1 0« 


El 5 


1 . 7X10" 


8 . 3 x l o " 


§11 6 


K 7X10" 


1 . 7 X 1 0 15 



mmw- 1 1-54760 




C18) raPa^P 1 1 -54760 



[031 2 ] 

(A) s = 1 0 itm (D) s = 5 0fim 




10 20 10 20 



B) s = 2 0 Mm (E) s = 1 OO^m 




0 20 10 20 



(C) s = 3 0 /xm 




10 20 



(19) <&M¥- 1 1 -54760 

C@13] 



(A) s = 1 Ojim (D) s = 5 0 um 




10 20 10 20 




10 20 10 20 



(C) s = 3 0(im 



P (1 OkeV, 1.7x1 0 15 atoms/cm 2 ) 




nmW- 1 1 -54760 



[HI 4] 

(A) s = 1 0 Aim (D) s = 5 0 £tm 




10 20 10 20 




ftfflW- 1 1 -54760 



[015] 

BHftffl« 



(A) s = l Oftm (D) s = 5 0 urn 




10 20 10 20 



(B) s = 2 0 um <e) s = 1 0 0 (tm 




10 20 10 20 




C22) 



IftfflW- 1 1 -5476 0 



16] 



(A) s = 1 0 um 



(D) s = 5 0 tim 




10 20 




(B) s = 2 0 ixm 




mm 



(E) s-1 00 Jttm 




10 20 



(C) s = 3 0 /lit) 




P ClOkeV, 1 .7 x 1 0 1 5 atoms/cm 2 ) 
B (TOkeV, 1.7 X 10 1 5 atoms/cm 2 ) 



